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~ W. H1 Grey And Jekm (311man,Jr. ‘

SUMMARY “

Thrust and power chati~cterl.stiesof’several slngle-
..

and dual-rotating propellers differing in blade width and
number of blades are presented for the region of’negative-
thrust operation from -45° to”145° blade angle. The tests
herein reported are m extension of previous single- and
dual-rotating

t
ropellqr tksts utilizing blades of Hamiltcm

Standard 3155- (Clark Y section) dqsign.

The tests Indicated that within reasonable accuracy
It Is possible to predict for a given propeller design
oharacteristlcs in the negative-thrust rmge from lmown
characteristics at a different activity factor.

Adequate negative thrusts were indicated for extremely
high positive as well as negative blade angles.

For the particular selection of blade sngles used in
these tests, single rotation gave higher negattve-thrust
coefficients than dual rotation at low values of J, but
at values of J higher than about 1.5s”dual rotation
produced higher eoefflclents.

INTRODUCTION

hI

. ,. . .. ,
At the”raquest of theArmy Air Foroes, AIJ?.Technical

Service Command, tests of single- and dual-rotating pro-
pellers operating in the negative-thrust range were mn-
duoted in the Lsngley propeller-research tunnel. The
blades selected for these tests were the Hamilton Standard
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3155 design,
rather broad

MR No. L5C07

whioh previously have been the subject of a
test progrsm In the positive-thrust rtmge.

(See reference 1.)
—

Negative thrust has a number of potential uses among
which are reduction of landing run, reduction of terminal
velooity in.diving flight, tactical maneuvering of fighters,
maneuvering of multlengine seaplanes on water, and mooring
lighter-than-air ships.

At present the normal renge for operation In negative
thrust is at smell blade angles, partly since the angle
change necessary is smeller than that required by a ohange
.to the extremely high positive &mgles, end partly because
operathn at high positlvs angles might result in operation
below the minimum engine-rotational speed. The use of
negative blade angles necessitates paaslng through a

.,

minimum torque region with the danger of overspending the
engine, whereas high positive angles require operation at
very IMgh power and very low engine speeds. Pr9vlous
negative-thrust Investigations (references 2 end 3)
are limited in range of blade angles, solidity, and type
of rotetion. The tests reported herein were made over a
blade-angle range from -l+50to 1450, usln~ single-rotating
propeller~ having three and four blades SI@ dual-rotating ~
propellers having four, six, and eight blades.

COu3X?FICIENTS AND SYMBO19

The results ar6 presented in nondimansionel forms of
thrust coefficient, power coefficient, and torque coefficient.

CT =

Cp =

effeotlve thrust

m++

*
negative when power is delivered

to engine by propeller

. .. . ... . . . . ._. -
,. ,

.
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me effect~ve thrust is the measured thrust of the-
“pmpeller=bo”dy’””c-b~atla-”plw dreg “af-the -bodymeasured . .

,,!, without a propeller (positive in the direction of flight).
I“;
I
,- The symbols used are defined as follows:1’1.l% ,
‘. P powar absorbed by propellar, foot-pomds per

semmd

Q.” aerodynamlo ~orqua, foot-pounds
,

n“ pfiopellerrotational s~eed, rps

D propeller dismeter, feet- .

P mass density of the air, slugs per cubic f’oot “ .

v free-stream velocity, feet per second

~, ~, ~ blade mgle at 0.75 R; degrees

Subscripts F and R refer to ftvmt and rear components
“of dual-rotating propellers

J

TAF

B

b

r

R“

advance ratio, V/hi) r.9

B X 100000
total aotivity factor = ~

br3d~

000”~~ R
(JO.2

number of blades

blade width at station (r/R)

radius to station

radius .to tip

EQUIPMENT AND PROCEDURE . .

L A camplete descrl,pthn of the equipment used in con-
: ‘“ductti~the~ tits-will,-be feund im,refOrenoe.4. SOMS
I features of the test setup, however, are repeated herein.-.

The test setup, with wing, was.mounted in the wind tunnel
as shown in flwe l= Dimenslorisof the nacelle and
symmetrical ai~foil wing are given.In figure 2. Power
was supplied by two 25-horsepower

\

rim-mm.— ■ , . —----
(...
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motors which drove propellers on conoentrio”shafts. “
Negative as well as positive torque was measured with
spring-selsyn dynamometer equipment. Propeller rotational
speed was determined by means of eleotric tachometers.
Thrust was measured as negative drag on the regular wind-
tunnel balance.

The 10-foot41ameter propellers, Hamilton Standard
blade design 3155-6 (right-hand) end 3156-6 (left-hand) .
of activity factor 89.7 as well as the wide blades
Hamilton Standard 3155-4-1.5 (right-hand) and 3156-?-1.5
(left-bend) of activiliyfaCtOr lAd4~ were those.used h
previous investigations. (See reference 1.) These pro-
pellers for which plan- and blade-form curves are given
in figure 3 incorporate Clark Y airfoil sections.

Ih general propellers at positive blade-angle setting ‘“
between ~ = 156 end ~ = 650 were testad from the J for
zero thrust to the highest attainable J. At all othar
blade angles, tests were made over the maximun J range
a~tainable. High values of J were obtained in some cases
by operating at propeller rotational speeds as low as
40 rpm. For dual-rotating propellers with values of @
tiom 25o to 65o, it was deemed advlsable to maintain t~
sam differential betwean front and rear blade angles as
that employed in

f)
ravious tests of those propellers. (See

references 1 snd . From ~F equals 150 to -45°, tha
front and resr blade settings were equel and from ~F
equals 75° to 45°, the blades were set to maintain the
difference used at the 75° blade sngla. Figure 4.is a
plot of the difference in front and rear blade settings.
The rotational speeds of the front and rear components
wera equal throughout the tests.

Three- and four-blade single-rotating propellers were
tested in the rear hub, while the blades of the four-, six-,

P
and ei t-blade dual-rotatin Propellers were equally
divide between two hubs In fandem, with a hub spacing of
15 inohes.

Because of the low power end speed of the eleotrio
motors, propeller rot~tional speeds were such that the
tip Mach number was always lower thau 0.3. The highest
Reyholds number based on the chord at the 0.75 R was about
l,Ob0,000. The effect of Reynolds number was not critical
within the range of the tests as the effect of changes
between one-half million and one milllon could not be
measured. -

h II
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.. . . . RESULTS AND DISCUSSION-... ---- ,.-.. ,., +, ,, ........-.,.

- Negative-thrust characteristics are presented in
fi$ures 5 through ~. Figure 5 presents thrust coefficient,
CT for the”three-blade propeller, plotted against J on
rectangular.coordinate paper snd also plots of corresponding

“ curves with a tangent scale which enables coverage of the
full rsnge of results on a reasonably sized figure.
Corresponding values of power coefficient c

L
sre shown

In figure 6. Figures 7 through 2/+present t ust and power
coefficients In the sme order for other prope+ler comflgu-
r~tlons, as Itemized in table 1.

An idea of”the testing eocuraoy may be obtained from
the fact that the faired “ourves.obswre the tdst points;
there 1s generally no more scatter than the width of the
fatred line.

An important”pointthat may be made fallowing sn
inspection of these figures Is that e blade angle of &~O
gave almost as great a negative-thrust coefficient as -15°.
The-magnitude of the difPerenoe depends on the value Of J.
at whfch the comparison is made.

In figure 25, for a wide range of front blade sngles,
data have been reduced to a common basis (activity factor
100).“ The points indicated on this figure are necessarily
from faired data and are not test points. Values in the
positive thrust range were obtained from reference 1. At
each bl&de angle, the scatter of points indicates the
accuracy. For single rotation, apparently, a simple allow-
ance for activity factor would suffice to enable the
negative-thrust characteristics of a propeller of any
aalldity to’be predicted, provided the charecterlstlos for
a slmller propeller of any other solidity were known. The
Eccurncy of this adjustment for duel rotation, figures 25(c)
snd 25(d), is not es good as for stigle rotation. For tie
range of blade angles shown the soetter varies between O
and 30 percent depending on Jad~; the greater
negative or positive is P , the greater is the scatter.

.. me “scatterels,o.Incxe-aseset l.o-w-,.v@uPs..o?_.J?.. ..

Figure 25 emphasizes points not so apperent in t~
preoedlng figures of which it is.~ composite. The negative
blade angle for msxlmum-neg~tlva thrust varies from -30
to -15 as J varl.esfrom 1 to 4 for single rotation, and
from -40 to -25 for the ssme values of J for dual rotation.
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As stated previously these dual-rotation tests had been
run at equal front and rear blade mgles for all negative
blade-angle tests. It might have been possible to obtain
the maximum negative thrust at front blade angles comparable
to those for single rotation by a.readjustment of blade- .
angle difference between the front and rear components.
In a practical installation It would be possible to In”stall
stops for operation in negative thrust at the unequal front
and rear blade angles thus necessitated. Some consideration
should, however, be given the time required to shift blade
cmgle; lt would be desirable to start from or approach the
same frcmt and rear blade angle at negative thrust.

It is also more apparent from figure 25 than from the
previous figures that little,dlfferenca exists between the
negative-thrust coefficient available at -15° and at 145°
for a wide range of Jts. As noted in the introduction,
the possibility exists for operaticm in negative thrust at
high positive blade angles and the data bear out at lemt
the feasibility of obtdnlng negative-thrust coefficient%
equal.to those obtained at negative blade angles.

Some comparison may also be afforded for singie and
dual rotation from the two parts of figure 25. For low
and negative blade angles larger values of thrust and

. power coefficient are indicated in thb case of single
rotation below a value of J of 2 than for dual rotation.
Above a value of J of’2 the reverse Is true. This
conditicm is true,of cours~ only for the particular
selection of blade sngles used in these tests. “At very
high angles the value of J for equal thrust was approxi-
mately 1.5. “At smaller vslues of J the negative-thrust
ooeffioients were larger for single thsn for dual rotation.
At values of J larger than 1.5 the coefficients were
smaller. At high blade angles power coefficients for
single rotation were appreciably smaller at all values.
of J than those for dual rotation.

Many applications of negative-thrust data are possible;
the fo~ of presentation best suited for any given appli-
cation depends, of course, on the variebles involved.
References 5 and 6 present methods of approach to the
p~oblem of reducing speed on.sn overtaking airplane to
Ixioreasefiring time. Referenoe 6 also presents methods
of.solvlng problems of l$nding deceleration and reduced
dive speed. ~ese methods are based on standard coefficients
as used in the present report. However, the use of special
coefficients snd/or methods of plotting may facilit~te th~ -

J
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solution of problems such as determination of the rate of
pitch change necessary to limlt overqpeedlng to a reason-
able value. The question of overapeedtng is of major
importance when the blmia-engle ohsnges Involved are from
high positive values to”negative angles. Methods of
approach to this as well as to other

L
roblems em loylng

spealal ooefflcients and plotting met !ds are ou lined
in reference7 .

Subsequent to the original test program additional
tests were run with the three-blade 3155-6 design propeller
to obtain characteristics for each degree of blade angle
between -~” and 50.. These additional results are presented
In figure 26 with the results of the original tests at 5°
superimposed. The curves for -5° and 50 were not duplicated
within several.percent,not only.beoause the original tests
tioluded a wing in the propeller wake whereas the tests at
10 Increments were made.without a wing but also because
the magnitudes of the thmst in relation to tare drag and
power were extremely small.

The primary reason for the additional program of
blade angles was to check results which indicated three
equilibrium rotational speeds (snd consequently three
thrusts) at a given forward velocity In the blade sngle
region between 3° and -40.

Figure 27, which is a plot showing the variation of
~ with J of the thrae-blede 3155-6 propeller at several
blade angles, illustrates the characteristics In this
doubtful renge. For a given value of ~, V, and D,
it would be remonable to expect a unique value of J,
and consequently, n. The results presented In figure 27,
however, indioate as meny as three possible vslues of J
for a given (&O Slmllar curves obtd.ned frmu 5868-R6
propeller results In reference 3 show only one value of J
in the same range of blede angles.

An attempt to explaln these peouliar results by
theory was not conclusive because of the lack of adequate
section data for the high negative angles of attack

-.. experienoed~ ‘ ..
.
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CONCLUSIONS .

The following conclusions are based on propeller test
results free of oompresslbility effeots.

1. For s~lar propeller blade designs, charaoterlstics
may be predicted In the negetive-tlirustrange to a limtted
degree of accuracy for sn3 activity factor, provided the
;:::mm? characteristics are known for one value of activity

2. Adequate negative thrusts may be possible at
extremely high positive as well as negative blade angles.

3. At low values of J, single rotation produced
higher negative-thrust coefficients than du~l rotation,
but at values of J higher than about 1.5, dual rotation
gave higher coefficients.

Langley Memorial Aeronautical Laboratory
National Advlscry Committee for Aeronautics

Langley Field, Vs.

t

. .
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.,.. TABLE I

LIST OF-FIGURES

.

5-6

7-8

9-1o

11-12

13-4

15-16

17-18

19-20

21-22----.

23-2J+

25

26

27

Number
of

bledes

3 narrow

4 narrow

4 narrow

6 nmrow

8 nsrrow

4. wide

4 wide

6 wide

~ wide

3 narrow

8 W&lC

3 narrow

3 narrow.
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Rotation.1 Type of curve
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I
I

single ! Characteristic
I

--do-- ~ . Do.

Dual ; Do. .

--do-- ~ Do.
I

--do-- Do.

Single ! Do.

--do-- : Do.
I

Duel i Do.

--do-- I Do.
,,

--do-- ‘ Do.

Single
and I Comparison

idu~l ,

Single Characteristic and comparison
I

--do-- i Do.
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Figure1.- Eightwidebladedual-rotatingpropellerontestsetup.

.
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Figure 3.- Plan form and blade-form ourves for propellers 3155-6 and 3155-6-1.
Blade-f orm curves, except h/D,

~.
are identical for t’hetwo propel ers .

D, diameter; R, 1%.9diua;r, station radius; b, oectlon cho~d;
h, section thickness; p, geometric pitch.
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Figure 4.- Difference in blade angle of frent and rear components, dual-rotating
propeller.
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Figure 5.- Varlatlon of thrust coe ffIclent with advance rat 10, three narrow blade B .
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Figure 5.- Continued.
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Figure 6.- variation of pwer ooefflclent with advance ratio, three narrow blades.



Figure 6.- Continued.
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Figure 7.-VarlatlOn of thrust coefficient with advance ratio, four narpuw blades,
Blngle rotation.
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Figure 7.-Continued.
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Flgum a.-Varlatlon of. power coef fIclent with a~vance ratio, fwr narrow blades,
8lngle rot at Ion.

h



MR No. L5C07

Figure E.. Continued.
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“Figure9.- Varlatlon of’ thrust coefficient with advance ratio, four naprow blades,
dual rotation.
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Figure 9.- Continued.



MR No. L5C07

4

0

-f?

-8

-Lz

1 1 , 1

1 11 . m I
I I I I I

k
O 3540+55 6 7 ~9/5@ jszo 00



MR No. L5C07

4

0

-.+

-.8

- /2

-/6 I I 1 1 i I 1 t I i

I 1 I I I 1 1 I I 1 I I I I I I 1 I I I 1 I I I II III 11 I

111!V [ I I I I I I I I

I I [ I I I 1 t I 1 1

I

1/ 1 I 1 1 1 1 1 I

< I II
I I 1 I 1“

.00 1 1
n 9/0 /2 /5 20 00
u

F3ure s.– Conciuded



MR No. L5C07

Figure 10. - Variation of power coefficient with advance ratio, four narrow blades,
dual rotation.
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Figure 10. - Continued.
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Figure 10. - Continued.
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Figure 11. - Variation of thrust coefficient with advance ratio, SIX nnrrcjw blade~,
dual rotation .
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Figure 11. - Continued.
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Figure 12.- Varlatlon of p-er coef flcl~nt with advanoe rat 10, #lx .narrm blades,
dual rotation.

I
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Figure 12. - Continued.
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.Fi$glw 13. - Varlatlcm of th~st coefflolent with advance ratio, eight narrow
blades, dual rotation.
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Figure 13. - Continued.
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FlguH 14.- Continued.
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Fi$yre l?. - Variation of thrust coefficient “fith dvnnce ratio, t?jree mlti~ blqd..
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Fl~re 16. - Varlatlon Of power cc.sfflclent with advance ratio, three wide blades.
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Figure 1.6. - continued.
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FL~ure 17. - VaPhtiOn of thrust COef fiClent WLti) advance ratio, Cou= wide blndes,
sin~le mtatlon.
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Figurelg.- Variatlon of pwer coef flolent with advance ratio, fourwide blades,
eingle rotation.
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Figure M. - Continued.
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Figure 19. - V8Piati0n of thrunt COeff IclOnt with advance ratio, four wide bladefj,
dual rotat Ion.
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Figure 19. - Continued.



MR No. L5c07

i

I I i I u I I I I I

I

liiiiii iiiiiii iiiiiii iiiiiiiiiiii~ --‘ J-‘L
I

r
[

Ill I I I I I II i

-00
048 /2 /6 20 25 30 3540455 6 7 8 9/012 1520 00



MR No. L5C07

o

-4

-.8

\ I I 1 I

!!! I I I \l I I I I 4

, , , , 1



—

MR No. L5C07

Figure 20. - Variation of power cOefflclent with advance ratl O, far wide blades,
dual rotat ion.
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Figure 20. - Continued. .
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Figure 21. - VRriatlOn Of thrust COefflcient with advance ratio, six wide blades,

dual rotation.’
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Figure 21. - continued.
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Figure 22.- VarlatiOn Of power coefficient vitn ~dvance ~qt~o, six wide b~ade~,
dual fitation.
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Figure 22.- Continued.
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FIGwre 23).- “nrlation of tnrust coefficient ~ltb ridvmce r~tlo, el.qht wide bladeg,
dual rotation.
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Figure 23. - Continued. .
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F9ure 23.– Conciuded J
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Figure 24. - Varlatlon of power coefflcle’nt with advance ratio, eight wide bladea,
dual rotation.’
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Figure 24.- Continued.
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Figuzw 25.- Varlation of thmst rind power coef fIclent.g with advance rat 10 for
small Increments of $, three narrw blades.
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Figure 27,- Varlation of torque ooefflclent with advanoe ratio at low blade angles.
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solution of problems such as determination of the rate of
pitch change necessary to limlt overqpeedlng to a reason-
able value. The question of overapeedtng is of major
importance when the blmia-engle ohsnges Involved are from
high positive values to”negative angles. Methods of
approach to this as well as to other

L
roblems em loylng

spealal ooefflcients and plotting met !ds are ou lined
in reference7 .

Subsequent to the original test program additional
tests were run with the three-blade 3155-6 design propeller
to obtain characteristics for each degree of blade angle
between -5° and 50.. These additional results are presented
In figure 26 with the results of the original tests at 5°
superimposed. The curves for -5° and 50 were not duplicated
within several.percent,not only.beoause the original tests
tioluded a wing in the propeller wake whereas the tests at
10 Increments were made.without a wing but also because
the magnitudes of the thmst in relation to tare drag and
power were extremely small.

The primary reason for the additional program of
blade angles was to check results which indicated three
equilibrium rotational speeds (snd consequently three
thrusts) at a given forward velocity In the blade sngle
region between 3° and -ko.

Figure 27, which is a plot showing the variation of
~ with J of the thrae-blede 3155-6 propeller at several
blade angles, illustrates the characteristics In this
doubtful renge. For a given value of ~, V, and D,
it would be remonable to expect a unique value of J,
and consequently, n. The results presented In figure 27,
however, indioate as meny as three possible vslues of J
for a given (&O Slmllar curves obtd.ned frmu 5868-R6
propeller results In reference 3 show only one value of J
in the same range of blede angles.

An attempt to explaln these peouliar results by
theory was not conclusive because of the lack of adequate
section data for the high negative angles of attack

-.. experienoed~ ‘ ..
.
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